Genetic studies were performed on the following spirochetes: three Lyme disease spirochetes isolated from Ixodes ticks and from human spinal fluid; three species of North American borreliae; four species of Treponema; and two species of Leptospira. The mol% G+C values for Lyme disease spirochetes were 27.3 to 30.5%, similar to values of 28.0 to 30.5% for Borrelia species but different from the values for Leptospira or Treponema species which ranged from 35.3 to 53%. Lyme disease spirochetes represent a new species of Borrelia, with DNA homologies of 31 to 59% with the three North American strains of Borrelia studied. These studies also showed that Lyme disease spirochetes from three sources constituted a single species, with DNA homologies ranging from 76 to 100%. A high degree of relatedness was also seen between the three North American borreliae, with homology varying from 77 to 95%, indicating that these spirochetes represent a single species. Lyme disease spirochetes and Borrelia species exhibited almost no homology with Leptospira and Treponema species (0 to 2%). Plasmids were detected in the three Lyme disease spirochetes and in the three North American borreliae.
MATERIALS AND METHODS
Bacterial strains and culture conditions. Borrelia turicatae, Borrelia parkeri, and Lyme disease isolates from I. dammini and Ixodes ricinus ticks were gifts of Alan Barbour and Willy Burgdorfer, Rocky Moutain Laboratories, Hamilton, Mont. Lyme disease isolates 297 from infected human cerebrospinal fluid and 272 from skin lesion were gifts of Allan Steere of Yale University, New Haven, Conn. Borrelia hermsii, Treponema phagedenis, Treponema denticola, Leptospira interrogans serovar hardjo, and Leptospira biflexa serovar patoc I are stock strains maintained in our laboratory.
Borrelia hermsii, B. turicatae, B. parkeri, and Lyme disease isolates from I. dammini and I. ricinus ticks, and human isolate 297 were grown in BSK medium a modified Kelly medium (22) . Treponema spp. were grown in an anaerobic medium developed by Smibert (20) . Leptospira spp. were grown in a bovine serum albumin-Tween 80 medium (3) .
Radiolabeling of spirochetes. Five hundred milliliters of appropriate medium was inoculated with 5 ml of a log-phase culture of spirochetes and incubated at the temperature optimal for the spirochete being labeled. Lyme disease isolates, Borrelia spp., and Treponema spp. were labeled with 100 ,uCi of [methyl-3H]thymidine (ICN Pharamaceuticals, Covina, Calif.) for 8 to 10 days at 34°C. Leptospira spp.
were labeled with 100 ,uCi of [8-3H] Determination of moles percent guanine plus cytosine. Moles percent guanine plus cytosine was determined by thermal denaturation studies (12, 14) . DNA ( (10, 15, 16) .
The degree of relatedness among spirochetes as suggested by mol% G+C was confirmed by DNA homology studies. When radioactive DNA from the I. dammini spirochete was used as a probe, DNA homologies of 100 to 76% were observed among the Lyme disease spirochetes, and homologies of 59 to 37% were seen with the Borrelia spp. (Table 2) . The above results indicated that Lyme disease spirochetes are of the same species and also constitute a new Borrelia species. These results were confirmed by using radiolabeled DNA from B. hermsii and B. turicatae as probes. Homologies of 95 to 77% existed among the Borrelia (Table 3) . With B. turicatae DNA as probe, B. parkeri and B. hermsii showed 95 and 81% homology, respectively. The B. hermsii DNA was 58 to 31% related to the DNA of the Lyme disease spirochetes (Table 3) . A temperature profile study of homology between B. parkeri and human cerebrospinal fluid isolates exhibited increasing homologies of 38 to 41% as annealing temperature was decreased from 65 to 50°C, respectively. As suggested by the moles percent guanine plus cytosine values (17) , no significant homology (0 to 2%) was detected between the I. dammini spirochete or B. hermsii with the Treponema or Leptospira spp. surveyed.
Electrophoretic analysis of DNAs of Lyme disease spirochetes (Fig. 1) and the three North American borreliae (Fig.  2) revealed the presence of plasmid DNA. The I. dammini spirochete contained two plasmids, whereas the Borrelia spp., the I. ricinus spirochete, and the human cerebrospinal fluid isolate contained one plasmid. 
DISCUSSION
The agent of Lyme disease is a tick-transmitted spirochete that is morphologically similar to both Borrelia and Treponema spp., with cell dimensions of 4 to 30 p.m in length and 0.18 to 0.25 pm in diameter (21) . Lyme disease spirochetes appear to contain 14 periplasmic flagella, similar to the 2 to 16 present in treponemes but different from Borrelia spp., which contain 30 to 40 periplasmic flagella (11) . The antigenic variation, seen in Borrelia spp. (5), was not observed in the Lyme spirochetes. However, Lyme disease spirochetes appear to be more Borrelia-like since they are tick transmitted and can be cultivated in vitro in modified Kelly medium (BSK) (21) .
Our work has shown that, on the basis of moles percent guanine plus cytosine and DNA homology studies, Lyme disease spirochetes constitute a new species of Borrelia. In addition, Lyme disease spirochetes isolated from different geographical regions constitute a single species of Borrelia, as defined by Brenner (4) . These results are in agreement (18) . Studies on characterization of these plasmids are being pursued.
